Aging of the skin is a multifactorial process that involves intrinsic and extrinsic factors. The primary intrinsic factor is a decrease in dermal thickness, owing to reductions in collagen, elastin, and hyaluronic acid.
The quest to find the ideal dermal filler is ongoing. Based on our experience with fine-particle fat grafting for lipofilling and on published reports of the use of dermal fillers, [3] [4] [5] [6] we began performing fine particle, sharp-needle intradermal fat grafting (SNIF) injections in 2008 and have since performed this technique in 250 consecutively treated patients. This article describes our 3-year experience with this alternative technique of dermal filling.
METHODS

Study Design
We retrospectively reviewed the charts of 250 patients who underwent SNIF treatment with 1 of the 2 senior authors (PLT or AMV) between January 2008 and September 2011. Patient demographic data were collected, along with information about concurrent or adjunct procedures and complications.
The SNIF Procedure
Fat harvesting. Intradermal fat grafting can be performed in conjunction with other facial rejuvenation procedures, with the patient under general or local anesthesia. Fat is harvested at the time of facial infiltration, using an adrenaline-containing local anesthetic. The preferred donor site for fat harvesting is the infraumbilical area because of the ease of approach while the patient is supine. This area is marked preoperatively, with the patient standing. Other donor areas for consideration include the "love handles" and the internal side of the thigh or knee.
After skin preparation and draping, a modified Klein solution containing 800 mg of lidocaine and adrenaline (1/1 000 000) was infiltrated as for regular liposuction. 7 We used a "wet" technique for infiltration (2:1 ratio of infiltrate to aspirate). A 2-mm stab incision was made along the skin-tension lines with a number 11 blade. Suction lipectomy was performed manually, with sterile syringes or with a suction device and a sterile canister. If the desired volume of fat was less than 10 mL, the fat was harvested with a cannula on a 10-mL Luer-Lok syringe. Volumes of more than 10 mL were harvested with a suction device and a sterile canister.
The suction cannula had a diameter of 2 or 3 mm, with multiple sharp 1-mm holes at its top segment (Figure 1 ; Tulip Medical Products, San Diego, CA). The limited diameter of the cannula holes is important for obtaining small particles to be injected through a 23-gauge needle. Thus, the SNIF technique is very different from classic lipofilling procedures. The sharp edges of the holes augment the harvesting yield of the suctioned fat, because the cannula works like a rasp in the donor area. A yield of 1 mL of fat graft per 5 mL of aspirate can be expected.
A sterile nylon cloth with 0.5-mm mesh size was mounted over a sterile canister, and the supernatant was poured over it ( Figure 2 ). The fat was rinsed with normal saline and transferred into 10-mL syringes. With the help of a double Luer-Lok adapter, the fat was brought into 1-mL syringes. A 23-gauge needle was mounted on the syringe for intradermal injection.
Injection technique. Before injection, the skin was marked with a fine pencil while the patient was standing and making exaggerated facial expressions. It was crucial that the skin be marked before application of the local anesthetic because the anesthetic solution can mask the fine wrinkles being treated. It is important to place the injections precisely in the wrinkle, as marked preoperatively.
A 23-gauge sharp needle was used for injection. The injection was made in a superficial dermal plane. The skin was pinched, with the wrinkle lying between the thumb and index finger (Figure 3 ). Linear thread injection of the fat was performed while the needle was withdrawn. A video demonstrating the technique is available at www.aestheticsurgeryjournal.com. You may also use any smartphone to scan the code on the first page of this article to be taken directly to the video on www.YouTube.com.
Immediately after fat injection, the skin is blanched over the injected wrinkle. A slight overcorrection is advised because the blanching and overcorrection will normalize within a few hours, after resorption of the interstitial fluid. For deep wrinkles and folds separating the wrinkle from its deep attachments, subcision may be needed to achieve an optimal result. This can be achieved with a 17-gauge needle used as a "knife" under the skin. The 17-gauge needle is used only for subcision-not for intradermal injection. Intradermal fat injection can be performed as a supplementary and final procedure after classic lipofilling of deep folds (eg, nasolabial folds), with fine, blunt-tip cannulas. In some cases from this series, intradermal fat injection was combined with laser resurfacing in the same setting.
RESULTS
Of the 250 patients in this series, 222 were women (89%) and 28 were men (11%). The average patient age was 53 years (range, 35-71 years). A total of 282 treatments were performed in the 250 patients (average, 1.1 treatments per patient). In this series, the most common injection sites were the perioral and the glabellar regions. Thirty-two patients underwent a second intradermal fat grafting treatment, an average of 8 months after the first treatment. Refilling was performed in case of suboptimal outcome at the patient's request or upon physician suggestion.
In 182 patients, the SNIF procedure was combined with a minimal-access cranial suspension (MACS) lift. In 68 cases, SNIF was performed as an isolated procedure. Among the isolated cases, 35 patients underwent fat grafting as a "maintenance procedure" for a previous MACS lift. For these patients, the SNIF procedure was performed an average of 4.25 years after the MACS lift. For 31% (n = 78) of the 250 patients, an Erbium:YAG laser resurfacing procedure was performed in conjunction with the SNIF procedure.
The mean follow-up time was 14 months (range, 1 month to 3 years). Ninety-six patients have been followed for at least 1 year with stable results throughout that period; in this subgroup, no refilling was clinically necessary, nor was it requested by any of these patients. The results obtained with classic dermal fillers are known to last 3 to 6 months. Based on the data from this case series, the results of our SNIF technique are longer-lasting.
There were no indurations, cysts, or infections in this series, nor were there any serious complications such as necrosis or fat emboli due to intravascular injection. Bruising of the treated area occurred in 38% of patients (n = 95), and redness with some swelling occurred in 9% of patients (n = 23), all of which resolved an average of 4 days after the procedure. No surface irregularities, such as lumpiness or unevenness, were observed among our patients. No hypertrophy of the fat graft occurred due to weight gain. Although 1 patient lost a substantial amount of weight, her results remained stable.
Clinical results are shown in Figures 4-8.
DISCUSSION
Aging of the skin is a multifactorial process. Besides intrinsic and extrinsic factors, repetitive facial movements are a major mechanical factor contributing to wrinkle formation. Like a hinge always bending at the same place, muscle action in facial expression causes the appearance of lines on the surface of the skin. Initially, those lines are seen only during facial muscle contraction (dynamic wrinkles), but the repetitive nature of the movements causes the lines to become permanent over time (static wrinkles). Wrinkles can be treated by filling subdermal or intradermal planes. Filling in the subdermal plane is used to treat folds or deep wrinkles that result from underlying volume depletion. Conversely, fine wrinkles are treated with intradermal injections because they result from changes in the skin itself.
Since the earliest experiences with filler materials, physicians have been seeking the ideal filler. The ideal dermal filler must be nonteratogenic, noncarcinogenic, and biocompatible and must have the least possible number and severity of side effects. Availability and cost are also important criteria. The duration of the filler's result must be taken into account.
Filler materials can be autologous or heterologous in origin. Autologous filler materials are those extracted from the patient's own body (such as fat and dermal grafts). Heterologous fillers do not originate from the patient's body but may be derived from normal substances found in the human body, such as collagen and hyaluronic acid. Collagen heterologous fillers are either xenogeneic (of animal origin) or allogeneic (of human origin). Other heterologous products are obtained from material that is foreign to the human body (such as polylactic acid and polymethyl methacrylate) and are synthetically derived alloplastic products. 8 In early experiences with heterologous dermal fillers, biocompatibility and allergy were a major concern, but current fillers are less allergenic (or nonallergenic). Bruising, redness, and swelling can occur around the injection site, but those effects resolve within a few days. Occasionally, delayed side effects may appear after several months, presenting as granulomas underneath the skin, which sometimes are permanent. These problems occur more frequently with permanent fillers and are more difficult to treat. Other problems that can be encountered are chronic edema, lymphadenopathy, scarring, discoloration, and even skin ulceration. 2 As stated previously, the availability and cost of the filler material are important considerations. An obvious advantage of pharmaceutical filler materials is their off-the-shelf use, but those products are expensive. In contrast, fat transfer to the deep layers of the face has been used in facial rejuvenation for years at a low cost. Fat transfer by injection was first reported in 1910, by Höllander, who used it to correct facial fat atrophy. 10 The current techniques of fat injection have been popularized and described extensively by Coleman. 11 Besides partial resorption of the injected fat within the first 6 months, few complications and unfavorable results have occurred, and donor-site morbidity is low. The amount of fat required for intradermal injection is very small (ranging from 0.5 to 5 mL). If intradermal fat transfer is performed without deep lipofilling, fat harvesting is not time-consuming (only 2.5-25 mL of lipoaspirate will be needed) and locating an appropriate donor site is seldom a problem even in lean patients.
Based on the experiences of previous authors, coupled with modifications and refinements of previously described techniques, we developed the SNIF technique, the intent of which is to obtain particles of fat that are as small as possible. We use harvesting cannulas of 2 to 3 mm in diameter, which contain multiple small-diameter (1-mm) sharp holes. A yield of 1 mL of fat per 5 mL of aspirate can be expected, which is relatively low compared with that obtained by classical harvesting cannulas and is achievable because of the multiple, fine, sharp holes of the cannula.
The fat is then filtered through a sterilized nylon cloth with a mesh size of 0.5 mm. We began using this technique before the availability of "closed" systems, and given the favorable results and low cost, we have continued to use it. The filtered fat can then be injected easily through a 23-gauge needle. The 23-gauge size was necessary because the prepared fat could not be injected through needles of smaller diameter without encountering frequent blockage.
The key to successful fat grafting is the use of micrografts. 12 The radius of the fat particle is inversely proportional to its contact surface. This means that for the same volume of injected fat, reducing the diameter by half will double the contact surface ( Figure 9) . A larger contact surface means better contact with the capillaries in the recipient area and thus a better graft survival rate with less need for overcorrection, which translates into lower morbidity. We overcorrected the wrinkles slightly (as described) because some of the injected interstitial fluid undergoes resorption within 1.5 hours of injection. With respect to long-term results, the degree of correction observed 1.5 hours postinjection is what has remained since then. The slight overcorrection was not maintained in any patient. None of our patients has gained a substantial amount of For a given volume, the radius of the fat particles is inversely proportional to its contact surface. Reducing the particle size increases the contact surface with the surrounding capillaries.
weight since the procedure; however, we observed stable results in a patient who has lost weight ( Figure 6) .
A major concern with sharp injection of soft tissue fillers in the face is the rare occurrence of intravascular injection, with embolization of certain vascular territories. This can lead to skin necrosis at the injection site [13] [14] [15] and to even more catastrophic problems such as blindness or cerebral stroke. [16] [17] [18] When treating the face, we always prepare the surgical area with injection of a local anesthetic solution that contains adrenaline, regardless of whether the patient is scheduled to received local or general anesthesia (lidocaine 0.3%, adrenaline 1/650 000). This is important because the vasoconstriction caused by adrenaline minimizes the risk of intravascular injection and, to some degree, the bruising. Injection is always performed in a very superficial dermal plane while the needle is being withdrawn, again to minimize the risk of intravascular invasion. Also, squeezing of the skin (with the wrinkle between index finger and thumb) during fat injection will occlude any possible vessel in the direct vicinity. The classical (deep) subdermal fat transfer is always performed with blunt cannulas, as described previously. 19 In our patients who underwent intradermal fat injections with subsequent laser resurfacing (Erbium:YAG), superficial resurfacing usually was sufficient because wrinkle filling had already been achieved. Thus, the down-time associated with laser resurfacing was reduced, as was the possibility of complications such as hypopigmentation. When laser resurfacing is combined with intradermal fat injections, the effects are synergistic. This observation is contrary to findings that laser resurfacing of skin recently treated with a heterologous dermal filler may cause degradation or liquefaction of the underlying filler material. 20 Intradermal fat injections are also a viable alternative for patients who seek skin rejuvenation but refuse laser resurfacing.
Another advantage of fat injection is its use of autologous material that does not biodegrade with time; thus, its effect is more permanent. In addition, fat injection is not associated with the problems common to nonautologous permanent fillers. Very few problems (redness, swelling, and bruising), all minimal, were encountered with our SNIF procedure. Bruising was the most common adverse effect (38% of patients). No major problems have been encountered.
Possible problems that may occur with classical (deep subcutaneous) fat grafting include palpable nodules, firmness, fat necrosis, and fat cysts. None of these complications were observed in our patient population, probably because only small amounts of small-diameter fat particles were used, and these were injected into well-vascularized tissue. Overcorrection and blanching of the skin over the wrinkle, which are common with intradermal fat injections, resolve after approximately 1 hour due to resorption of the suspension solution.
A limitation of the present study is that the results are not quantifiable; they are compared only with our own clinical experience with synthetic resorbable fillers.
However, we are currently preparing larger retrospective and prospective studies that compare SNIF and synthetic fillers. To our knowledge, use of a sharp-needle procedure for intradermal fat injection has not been described previously in the literature. This technique is proposed as a valuable supplement to the current list of dermal filling procedures.
CONCLUSIONS
The SNIF technique is a safe, effective, and inexpensive alternative to procedures that use synthetic filler materials, and the results are longer lasting. Contrary to popular belief, intradermal fat grafting can be performed safely with a sharp needle, so long as it is done in a superficial dermal plane while the needle is being withdrawn. The harvesting and injection techniques should be performed with precision in order to achieve optimal results and avoid complications.
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